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INTRODUCTION 
The mirage technique (with a single modulated heating source)[l-3] has been 
successfully applied to study the thermal, optical and electronic propetlies of solid state 
materials. Its advantages of being nondestructive, noncontact and high sensitivity make it a 
powerful and versatile tool. In this paper, we propose a new technique which is the same 
rnirage technique, but with a dipole source. It inherits the advantages of the traditional 
rnirage technique but overcomes some of the shotlcornings. The traditional rnirage 
technique generally gathers data by positional scanning, which, in additional to being time-
consurning, introduces noise associated with the mechanical movement and makes the 
analysis susceptible to the nonuniforrnity of the sample. The nonuniforrnity can be 
unevenness in optical propetlies, surface roughness, or simply grain boundaries. With a 
dipole source, it is possible to gather data by frequency sweeping. In doing so, the new 
technique is free from those shotlcomings connected with positional scanning. Also, the 
use of a dipole heating source nearly doubles the signal magnitude with the same amount of 
unmodulated heating beam power. We use this technique to study the thermal propetlies of 
CVD diamonds, glass and silicon samples. The results show that this technique has 
capabilities of measuring thermal diffusivity with both good resolution and wide range. 
EXPERIMENTALSETUP 
The traditional mirage setup uses one laser as the heating source and another laser as 
the temperature probe. The periodically modulated heating beam generates a temperature 
fluctuation both in the sample and in the air. The index of refraction of the air surrounding 
the heating spot has a corresponding gradient. The probe beam traverses through the 
region in either skimrning or bouncing mode and is deflected both in normal and transverse 
directions. The probe beam deflections are measured by a quad-cell photodetector. A 
general method for quantitative measurement is to scan the relative position of probe beam 
and the heating beam and acquire the deflection signal. Then the experimental data are fitted 
with a theoretical model by using a least-squares algorithm to obtain the thermal propetlies 
of materials. This method has been very successfully applied to measure the thermal 
diffusivity of solid sample like diamond[3]. However, this scanning method has its own 
shotlcornings. The mechanical scanning is time consuming and introduces vibration noise. 
If the sample surface is not smooth or optically uniform which may be caused by the 
nonuniforrnity of the surface optical absorption, grain boundaries or other surface 
imperfections, errors will be included in the experimental data, thus decreasing the 
accuracy of the measurement. 
We proposein this paper a dipole source[4,5] rnirage detection technique which uses a 
dipole heating source combined with a frequency sweeping technique. The experimental 
setup is shown diagramatically in Fig.l. The two bearns are modulated with same 
frequency but out of phase( with 180 degree phase difference ). We use the first and zeroth 
order beams from an A-0 modulator with intensity adjustment to form the dipolein our 
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setup. The two heating beams are focused onto the sample surface with a fixed separation. 
The probe beam is centered at the center of the dipole. Only the transverse deflection signal 
is detected by a position detector. The normal deflection signal is monitored, and 
minimized to indicate that the center of the probe beam is at the intended height. The 
distance between the two heating sources is adjusted to optimize the signal corresponding 
to different samples. During the measurement, the distance between the two heating 
beams and the distance between the heating and probe beams are both fixed. Instead of 
changing the relative distance of the beams, we sweep the frequency of the modulation to 
measure the thermal property of the samples. Thus the problems related to mechanical 
scanning as mentioned above are eliminated. 
A typical plot of the transverse mirage signal vs. position in the traditional mirage 
experiment with a single heating beam is shown in Fig. 2(a). A second heating beam, 
modulated with the opposite phase and displaced by a distance in the direction of 
scanning, would produce the plot in Fig. 2(b) by itself. When both beams are present, the 
scanned signal is shown in Fig. 2(c). Ifthe separation between two heating beams is 
adjusted suchthat the positive maxima coincide, then the central maximum in Fig. 2(c) 
would be roughly twice those of Figs. 2(a)(b). During a frequency scan, the position of 
the probe beam is kept fixed at the central position. 
Fig. 3 shows the frequency dependences of the magnitude and phase of the 
transverse deflection signals from CVD diamond, silicon and glass samples. The thermal 
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Fig.2 (a) Single source transverse rnirage signal vs. position, (b) Out-of-phase single 
source transverse mirage signal vs. position and (c) dipole source transverse mirage 
signal vs. position 
diffusivities are 18 cm2/s for CVD diamond, 0.86 cm2/s for silicon and 10·3 cm2/s for 
glass. These curves show the wide range of measurability of the dipole thermal source 
mirage technique. 
To explore the resolution ofthermal diffusivity measurement with this technique, we 
measured three CVD diamond samples with similar thermal diffusivities: 6.7, 4.5 and 3.7 
cm2/s. The experimental curves are shown in Fig. 4. lt can be seen that in both magnitude 
and phase diagrams, the three samples are easily differentiated. It needs to be pointed out 
that the phase signal is more reliable to determine the thermal diffusivity, because the phase 
signal does not depend on the surface properties as the magnitude signal does. 
CONCLUSION 
The dipole source mirage detection technique has the same advantages of the 
traditional mirage technique: wide range of detectability and good accuracy for the thermal 
diffusivity measurement. However, by replacing mechanical scanning by frequency 
sweeping, it shorts the time of experiment and the results are not affected by nonuniformity 
of the sample surface. By applying a theoretical fitting to the experiment results, we hope 
to develop this technique into a more powerful and versatile tool for thermal property 
measurement than the traditional mirage technique. 
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Fig.3 (a) magnitude and (b) phase oftransverse signal vs. frequency ofCVD Diamond, 
silicon and glass samples 
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Fig.4 (a) Magnitude and (b) phase oftransverse signal vs. frequency ofthree CVD 
Diamond samples with thermal diffusivitties: 3.7,4.5 and 6.7 cm% 
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